Abstract. This study evaluated the use of PVA gel to encapsulate slow-growing anaerobic ammonia oxidation (ANAMMOX) bacteria for deammonification in wastewater treatment. Different kinds of granules with ANAMMOX sludge immobilized in PVA gel in different mass concentration 6%, 10%, 15%, 20% were prepared by cross-linking in calcium chloride solution and nitrogen removal experiments were carried out. The results showed that 10% was the best concentration for ANAMMOX sludge to be immobilized in PVA gel when better nitrogen removal performance with ammonia removal rate (ARR) and nitrite removal rate (NIRR) reaching up to 90% and mechanical strength were estimated synthetically. The tolerance experiments in salt-containing waste water showed that the immobilized granules had the better tolerance than ANAMMOX sludge.
Introduction
The promising nitrogen removal process via an anaerobic ammonium oxidation (ANAMMOX) has been recognized as a cost-effective process with low energy and no extra organic carbon, and it attracts most attention of the researchers in recent years [1] . Although there are several running wastewater treatment plants via ANAMMOX and its related process in Europe the practical engineering applications of ANAMMOX process are limited and still in lab process due to the low growth rate of ANAMMOX bacteria in many other countries.
The mixed ANAMMOX sludge is a complex symbiotic system with microorganism and it has biological activity only in the solution with high biological concentration. And, due to the low growth rate of ANAMMOX bacteria (doubling time in the range of 1.8-11 days; [2, 3] ), one of the main challenges for implementing the ANAMMOX process is to ensure bacterial cells' retention inside the reactors. In the practical engineering applications of ANAMMOX process microbial loss is always a hard problem due to aeration and stirring and ANAMMOX activity would be greatly decreased because of salt or other metal ion dissolved in the practical wastewater. For this reason, immobilization of microbial cells has received increasing interest in wastewater treatment to minimize the risk of biomass wash-out from the reactors and provide stabilized treatment [4] . Most of immobilization method was carried out by attachment on the surface of carriers forming biofilm [5] or forming granular biomass directly. Some entrapment of the microbial biomass into gel pellets [6] were reported in recent years.
The use of synthetic polymers such as urethane, polyethylene glycol (PEG), and polyvinyl alcohol (PVA) for the entrapment of microorganisms was reported as advantageous in the field of wastewater treatment. These advantages included decrease of microbial loss, non-toxicity to microorganisms, mechanical strength and long life span of gels, enhanced process efficiency, and resilience to overloading rates as demonstrated in the studies of K. Isaka [7] on immobilization of nitrifying biomass K. Furukawa [6] demonstrated that both ANAMMOX and nitrifying biomass can be immobilized in PEG gel pellets and used in connected reactors for the successful deammonification treatment of anaerobic digested liquor containing high ammonium concentration (1400-1600 mg NH4 +-N/L).
This research was carried out in order to find out the best PVA concentration for better nitrogen removal and mechanical strength through the chemical cross-linking method, then contact the effectiveness of entrapping and activity recovering period for ANAMMOX cross-linking through the chemical method and freezing method in this concentration. Our experiments included: preparation of PVA gel granules by cross-linking in calcium chloride solution and nitrogen removal process; preparation of PVA gel granules through the two methods and nitrogen removal process. In addition the contract research between PVA as gel carriers and the granules in salt containing water was carried out.
Material and Method

Immobilization Procedure
Seed sludge and pretreatment ANAMMOX seed sludge was derived from a running ANAMMOX biofilm reactor which was stably operated for more than 400 days with NLR 2.0 kg-N·m-3·d-1 and nitrogen removal rate (NRR) more than 85% [8] . The ANAMMOX seed sludge solution kept static for 30 minute to cause the sludge deposit in the first; then removed the liquid supernatant and washed the remaining sludge 3 times with PBS (pH7.2 ); put the sludge into the centrifugal machine to be centrifuged for 10 minute with 1000r/min and put them out and removed the supernatant liquid.
Preparation of PVA solution
The PVA polymer used in this research were was PVA-HC in powder form (average molecular weight was about 10000 and purity 94%). The PVA powder was sprinkled on warm water and mixed by hands to form a polymer suspension. The suspension was then heated preservation to 55ºC and stirred on a Magnetic Stirrer for 2 hour to obtain complete PVA dissolution. After cooling to room temperature the PVA solution was ready. The mass concentration of PVA solution was set to 6%,10%,15% and 20% to investigate the concentration effect on the nitrogen removal capability of the gel granules.
30mL of the polymer solution in different concentration were mixed with the same volume of sludge. The solution was pumped by a peristaltic pump with a No.25 soft pipe installed and dropped into the calcium chloride solution its mass concentration was 4% and was kept at 4ºC before the immobilization. The ANAMMOX-PVA solution drops solidified to form granules with diameter between 4 mm and 6mm. Then the floating granules and calcium chloride solution were kept at 4ºC together. After 24 hours the granules in calcium chloride solution were put out and all the granules were sinking on the bottom of the vessels. 
Analytical Procedure
The concentrations of NH 4 + -N and NO 2 --N in the influent and effluent were analyzed to determine the nitrogen removal rate of total inorganic nitrogen, which was defined as the sum of the concentrations of NH 4 + -N and NO 2 --N in the reactor. The nitrogen removal rate was calculated by the difference of the total nitrogen concentration between the influent and effluent. The concentrations of NH 4 + -N were measured by Nessler's spectrophotometer method; the concentrations of NO 2 --N were measured by N-(1 naphthyl) -ethylenediamine spectrophotometry. The concentrations of NH 4 + -N, NO 2 --N were determined by an ion chromatograph (UV-1800, Shimadzu, Japan). The dissolved oxygen in the reactor was measured using a DO meter (JB-2, Iinesa, China), and pH of the effluent was measured using a pH meter (METTLER TOLEDO FE20, US). The gel granules were put into conical flasks with effective volume 250 mL after washed three times with PBS. 250 mL synthetic waste water with component in Tab As we all knew that some salt in the water would cause ANAMMOX activity decrease, the tolerance of PVA-ANAMMOX gel granules in the sodium chloride solution would be test. The gel granules prepared with PVA solution at the best concentration achieved from 1.2 were used in this test. Concentration of NH 4 + -N, and NO 2 --N in influent were 100mg/L and other components were same with tab.1. Sodium chloride was added in the influent and the sodium chloride concentration was 20 g/L. The gel granules, ANAMMOX sludge were put into flasks and feed with the influent. The cultivation period was 72 hours and concentrations of NH 4 + -N, and NO 2 --N in the effluent were measured once every 12 hours also. The same size and number granules prepared with different PVA concentration were picked out from all the samples prepared by cross-linking in calcium chloride solution and then were put into flasks with distilled water in it. All the flasks were put into Orbital Shaker Incubator and kept in the condition of 10r/m and 28℃ then the damaged condition were reported.
Nitrogen Removal Performance
Nitrite Removal Performance in Saline Waste Water
Results and Discussion
PVA Concentration Effect
Some experiments about ANAMMOX immobilization in PVA gel were reported in last decade and 4~6% was the universal concentration by ordinary preparation method. The biological sludge immobilization would affect the growth of bacteria so the nitrogen removal performance must be test. In addition the mechanical property of the gel granules was another important influence factor for the waste water treatment because the purpose of biological sludge immobilization was to decrease the loss of biomass in the reaction process. The period of waste water treatment was always several months or years so the life span and mechanical property of the gel granules would take an important role on the test performance. The concentration of PVA solution was the key influence factor to the degradation period and mechanical property of the gel granules. The nitrogen removal experiments were carried out with the period almost 20 days and NH 4 + -N and NO 2 --N were detected once every 2 days. The results were showed in fig. 1 . Obvious nitrogen removal could be achieved in all the samples and the nitrogen removal efficiency was almost in inverse proportion with the PVA concentration. The highest ammonia removal rate (ARR) and nitrite removal rate (NIRR) about 97% was achieved in the PVA-ANAMMOX sample at 6% concentration on the 12th and 20th day while the ARR and NIRR of all the other samples were lower. It was also indicated that the lowest ARR and NIRR about 50% was appeared in the sample of 15% PVA concentration but not in the sample with 20% concentration. That was because that the PVA-ANAMMOX solution with 20% PVA was so sticky that it was hard to prepare the granules and many sheets, sticks and other out-of-shape granules were formed. The unnormal granules had worse mechanical property and shorter degradation period so there were no obvious granules existing after 7 days and the flocculent remainder increased ARR and NIRR up to 80%.
Sample with 15% PVA had the lowest nitrogen removal efficiency (only 50% after 48 hours) for the gel with higher PVA concentration blocked the mass transfer although the granules had the better shape even on 20th days.
Nitrite Removal Performance in Saline Wastewater Process
Nitrogen removal performance in salt-containing wastewater treatment was shown in fig.2 . Nitrogen removal of sludge sample flask (the blue line in fig.2 ) was visible after 12 hours; further ammonia and nitrite concentration decreased stably and slowly in the whole process and were about 20% at the end. The result of the gel granules sample (the green line in fig.2 ) was different from the sludge sample: there was no obvious nitrogen removal in the first 24 hours but the ammonia and nitrite concentration were decreased sharply from more than 90mg/L to about 30mg/L in the second 24 hours and were less than the concentration of sludge sample in the third 24 hours. It was indicated that immobilization in PVA gel increased ANAMMOX's tolerance and nitrogen removal capability in salt-containing wastewater. The red lines in fig.2 were about gel granules' nitrogen removal performance in influent without sodium chloride, NH 4 + -N was 13.4% and NO 2 --N 3.2% at the end of the process while NH 4 + -N was 21.3% and NO 2 --N 17.8% shown in green lines at the same time. It was also indicated that some salt such as sodium chloride could restrain ANAMMOX activity.
Summary
Preparation and test were carried out on immobilization slow-growing ANAMMOX bacteria in PVA gels for deammonification treatment of wastewater. It was showed as followed: 1) There was obvious nitrogen removal in all the immobilized gel samples prepared by PVA so the immobilization method was successful and could be used in wastewater treatment.
2) The nitrogen removal capability of ANAMMOX-PVA gel granules was under influence and inversely proportional on PVA concentration. 10% was the better concentration than the other three. 3) ANAMMOX-PVA gel granules had better nitrite removal performance than ANAMMOX sludge in saline waste water for PVA protected the ANAMMOX bacteria from being toxic in saline solution. Therefore the immobilization technique would be implied in some saline waste water treatment.
